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(5) Laser marking machine. 



® An articulable robotic machine has a forearm 
(21) and wrist unit (19) capable of handling an inter- 
nal laser beam (23) received at the aft end (21a) of 
the forearm and exiting at the forward end (21b) of 
the forearm through the wrist unit tooling plate (22). 
A laser marker galvohead (14) and collimator (13) 
are affixed to the tooling plate of the wrist, and a 
laser generator (12) is affixed to the forearm (21) of 
the robot machine and provided with a laser beam 
system to direct a laser beam (23) into the aft end of 
the laser arm. The output pattern galvohead may be 
manipulated to a variety of predetermined positions 
on a workpiece (33). 
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"Laser Marking Machine" 



The invention relates generally to laser marking 
machines, and is particularly directed to multi-sta- 
tion applications through the use of a robotic ma- 
chine. 

Laser marking machines have been utilised for 
a number of years for marking a variety of work- 
pieces, and these machines are particularly effec- 
tive where it is desired to mark very hard surfaces. 
Laser marking machines are also highly desirable 
since an investment does not have to be made in 
hard tooling, and the pattern, therefor, can be 
changed frequently at minimal cost without the 
need for scrapping or revising tooling. 

Laser marking machines have been used in the 
automotive field for marking certain components 
and body parts, and in the future the automotive 
industry will be required to mark more parts and 
different locations on an automobile body. 

One drawback to prior art laser marking ma- 
chines is that the entire machine i.e. laser control 
unit, laser collimator and marking head, or 
"galvohead", are fixed at one particular location 
with the laser pattern output directed to one fixed 
marking point. 

Applicant has obviated the difficulties inherent 
in the prior art laser marking machines by the 
utilisation of an articulatable robotic machine, which 
is capable of handling a laser beam internally, 
thereby presenting a compact assembly which can 
be manoeuvered in and about an automobile body, 
for instance, for marking a plurality of positions, in 
a variety of attitudes. 

According to this invention there is provided a. 
laser marking machine comprising movable fore- 
arm having a forward end and an aft end, and an 
internal forearm beam path connecting said forward 
and aft ends, a laser beam source means con- 
nected to said aft end of said forearm for providing 
a laser beam travetling along said beam path from 
said aft end to said forward end, laser wrist means 
carried at said forward end of said forearm for 
receiving and manipulating said beam, said wrist 
means including a tooling plate and means for 
moving said tooling plate with respect to said fore- 
arm, a laser marking head affixed to said tooling 
plate, said marking head including galvohead 
means for moving said laser beam through a pre- 
determined output pattern with respect to said tool- 
ing plate, first control means for moving said tool- 
ing plate through prdetermined spatial movements, 
and second control means for driving said gal- 
vohead means. 



Preferably the laser beam source means in- 
cludes a laser generator carried on said forearm 
and a laser beam conductor connecting said gener- 
ator to said aft end of said forearm. 

5 Preferably the laser generator has an exit path 

parallel to said forearm beam path, and the beam 
travels said exit path in a direction generally to- 
wards said aft end of said forearm, the laser beam 
conductor including means for reversing the beam 

to travel direction from said exit path into said fore- 
arm. 

According to this invention there is also pro- 
vided a laser marking machine comprising a mark- 
ing head, a laser generator to deliver a laser beam 

75 to said marking head, the marking head comprising 
galvohead means for moving the laser beam deliv- 
ered thereto through a desired output pattern, con- 
trol means for controlling the laser generator and 
control means for controlling the galvohead means. 

20 characterised in that the marking head is carried on 
the end effector on the* forward end of a robotic 
forearm , contr oi means being provided for moving 
th e forearm and for moving the end effector relativ e 
to~The fo rearm, and in that the laser generators 

25 connected to the aft end of the robotic forearm. 

Preferably the laser generator is mounted on 
the forearm, and is advantageously operative to 
produce a laser beam directed rearwardly parallel 
to the longitudinal axis of the forearm, means being 

30 provided to reverse the beam into the forearm from 
't the aft end towards the forward end along said 
axis. 

The invention is shown embodied in a laser 
marking machine, wherein a laser forearm is mov- 

35 able on the robotic structure and has an internal 
beam path connecting forward and aft ends of the 
movable forearm. A laser beam source is con- 
nected to the aft end of the forearm and provides a 
laser beam through the forearm. A laser wrist is 

40 carried at the forward end of the forearm for receiv- 
ing and manipulating an internally-carried laser 
beam, wherein the wrist carries an end effector or 
tooling plate and has means for automatically mov- 
ing the tooling plate with respect to the forearm. A 

45 laser marker head, or galvohead, is affixed to the 
tooling plate, the head including conventional gal- 
vohead means (e.g. movable mirrors) for moving 
the laser beam delivered to the galvohead through 
a predetermined output pattern with respect to the 

so tooling plate. First control means is provided for 
moving the tooling plate through a predetermined 
spatial orientations; a second control means is pro- 
vided for driving the galvohead means to produce 
the output pattern; and third control means ac- 
tuates the laser beam source. 



2 



0 265 661 



There will now be given a detailed description, 
to be read with reference to the accompanying 
drawings, of a laser marking machine which is the 
preferred embodiment of this invention, having 
been selected for the purposes of illustrating the 
invention by way of example. 

in the accompanying drawings: 

FIGURE 1 is a side elevational view of a 
prior art, fixed station laser marking machine; 

FIGURE 2 is a side elevational view of the 
laser marking machine which is the preferred em- 
bodiment of this invention; 

FIGURE 3a is a side elevational section 
through the aft end of the forearm unit of the 
marking machine of Figure 2; 

FIGURE 3b is a side elevational section 
through the wrist unit and forward end of the fore- 
arm unit of the marking machine of Hugre 2; and 

FIGURE 4 is a section through a typical wrist 
drive motor taken along the line 4-4 of Figure 2. 

Figure 1 of the drawings depicts a prior art, 
fixed-station laser marking machine 10, wherein a 
station base 1 1 is provided, and on which is moun- 
ted a laser generator unit 12. having a laser beam 
collimator 13 attached to its output end. in turn 
supporting a laser marking head, or galvohead 14. 
A laser generator control C1 is provided to control 
the laser output, and a marker pattern control C2 is 
provided to control the galvohead 14. so that the 
laser beam 15 will produce a predetermined mark- 
ing pattern on a target surface 16. Typical patterns 
might be used to mark part numbers, or to produce 
Designs, Trade Marks, etc. The galvohead 14 is 
capable of a high response rate in directing the 
beam 15 through a pattern. 

In the robotic marking machine which is the 
preferred embodiment of this invention depicted in 
Figure 2, the laser generator unit 12 is separated 
from the galvohead 14 and collimator 13. A unique 
articulatable laser robot 18 is depicted, and is ca- 
pable of moving a wrist unit 19 through a variety of 
mutli-spatial orientations with respect to the robotic 
base 20. The laser robot 18 is the subject of 
copending USA Patent Application Serial No. 
840,637 (EPA No: 0238308) the disclosure of which 
is incorporated by reference herein. Reference may 
also be had to USA Patent 4626999 (Application 
Serial No. 601784) depicting a laser generator 
mounted end-for-end the reverse of the present 
design. 

The laser generator unit 12 is mounted proxi- 
mal to the aft end 21a of the robotic forearm 21, 
and the galvohead 14 is affixed to a tooling plate 
22 at the wrist unit 19 on the forward end 21b of 
the forearm 21. The laser generator unit 12 pro- 
duces an output laser beam 23 having an exit path 
directed generally towards the aft end 21 a and 
which is ducted through a light pipe system 24 



including a pair of 90° mirror units 24a and into the 
aft end 21 a of the forearm 21. wherein the beam 
23 travels internally through the forearm 21 and 
wrist unit 19, subsequently exiting through the col- 

s limator and galvohead 1 4. 

The wrist unit 19 comprises a base housing 25 
which is mounted for movement about a first roll 
axis 26 of the forearm 21 . and the base housing 25 
supports a turret housing 27. which is power-driven 

to around a second roll axis 28 intercepting the first 
roll axis 26. The turret housing 27 carries the 
rotatable tooling plate 22 which is free to rotate 
about a third roll axis 29, intersecting the second 
roll axis 28. said roll axes 26, 28 and 29 defining a 

75 laser beam path. Thus, "three-roir movement may 
be employed, fully manipulating the galvohead 14 
and laser beam 23. The wrist unit 19 is power- 
driven by three motors M1. M2. and M3. which are 
remotely located on suitable gear boxes 30. 31. 32 

20 at the aft end 21 a of the forearm 21 . 

A robotic control C3 is employ ed, and is co- 
ordinated with the laser control C1 and the marking 
pattern control C2. While the units have been de^ 
picted as separate, it will be appreciated that they 

25 may be embodied within a common control con- 
sole. Thus, in use, *hg_ qalvnhftari is positioned [p 
r elation to a workpiece by the rn hntir rnntrnl 
and the galvohead means is controiifiH hy th^ 
control means C2 (whilst the control C1 controls 

so generation of the laser beam) to produce the re- 
quired marking of the part. A typical workpiece 33 
is depicted in phantom, at which the galvohead 14 
is shown oriented to a variety of spatial positions, 
to mark the various surfaces. The galvohead 14 

35 may be also transported within a cavity 34 of the 
workpiece 33 and such a workpiece 33 might com- 
prise an automobile body, for' example. 

Referring the Figures 3a i.e. a section through 
the forearm 21, a plurality of concentric drive 

40 tubes. T1, T2, and T3 are provided with worm 
wheels 35. 36. 37, which are driven respectively by 
worms 38. 39, 40 connected to the respective drive 
motors, Ml, M2 and M3 (see Figure 4). The laser 
beam 23 is received from the closed light pipe 

45 system 24 through the 90° mirror unit 24 a at the 
cap 41 at the rear of the unit. Complete sealing is 
provided on the T1 , T2, T3 tubes, so that the beam 
path will remain clear of contamination. Referring to 
the continuation of the unit at Fiugre 3b , a simpli- 

50 fied digrammatic view of the wrist unit 19 of Figure 
2 is depicted, and as stated above, the three- 
concentric drive tubes T1 , T2 and T3 are driven by 
respective drive motors M1. M2 and M3 in the non- 
rotating forearm 21. The simplified structure shows 

55 that the drive tube T1 provides the roll 1 movement 
i.e., complete wrist rotation around the roll 1 axis 
26. A bevel gear G1 on drive tube T2 serves to 
provide the rotational movement to the turret hous- 
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ing 27, around the roll 2 axis 28. since gears 61 
and G2 (on the turret housing 27) are in mesh. In 
order to provide rotary movement of the tooling 
plate 22, the innermost drive tube T3 has a bevel 
gear G3 located at its inboard end. in mesh with 
the gear G4 of a rotary spindle 42 supported in the 
turret housing 27. The spindle 42 also has a gear 
G5 at its opposite end, in mesh with the gear G6 of 
the tooling plate spindle 43 so that the tooling plate 
22 will rotate around the roll 3 axis 29. Mirrors 44, 
45 are supported as shown, within the respective 
turret housing 27 and base housing 25. Here it may 
be appreciated that while fixed mirror assemblies 
are depictred. the units may be provided with ad- 
justable mounts, as are fully depicted in said 
copending Application, Serial No. 840,637. The 
sealing tubes 46. '47 and 48 are sealed at seal 
points A, B and C, to provide a closed path for the 
laser beam 23. 

The laser collimator of Figures 1 and 2 is 
shown affixed to the tooling plate 22. and is there- 
fore movable through a wide variety of multi-spatial 
orientation with respect to the robotic base 20. 

The features disclosed in the foregoing de- 
scription, or the following claims, or the accom- 
panying drawings, expressed in their specific forms 
or in terms of a means for performing the disclosed 
function, or a method or process for attaining the 
disclosed result, or a class or group of substances 
or compositions, as appropriate, may. separately or 
in any combination of such features, be utilised for 
realising the invention in diverse forms thereof. 



Claims 

1. A laser marking machine comprising a mov- 
able forearm (21) having a forward end (21b) and 
an aft end (21a), an internal forearm beam path 
(26) connecting said forward and aft ends: a laser 
beam source means (12. 24) connected to said aft 
end (21a) of the forearm for providing a laser beam 
(23) travelling along said beam path from said aft 
end to said forward end; laser wrist means (19) 
carried at said forward end (21b) of the forearm 
(21) for receiving and manipulating said beam (23). 
said wrist means including a tooling plate (22) and 
means (M1. M2, M3) for moving said tooling plate 
with respect to said forearm; a laser marker head 
(14) affixed to said tooling piate.said marking head 
(14) including galvohead means for moving said 
laser beam through a predetermined output pattern 
with respect to said tooling plate; first control 
means (C3) for moving said tooling plate through 
predetermined spatial movements; and second 
control means (C2) for driving said galvohead 
means. 



2. A machine according to Claim 1 wherein 
said laser beam source means includes a laser 
generator (12) carried on said forearm (21). and a 
laser beam conductor (24) connecting said gener- 

s ator (12) to said aft end (21a) of the forearm. 

3. A machine according to one of Claims 1 and 
2 wherein said laser generator (12) has an exit path 
parallel to said forearm beam path, and wherein 
said beam travels said exit path in a direction 

to generally toward said aft end (21a) of said forearm, 
and wherein said laser beam conductor includes 
means (24 a, 24b) for reversing the beam travel 
direction from said exit path, into said forearm. 

4. A laser marking machine comprising a mark- 
75 ing head (14), a laser generator (12) to deliver a 

laser beam to the marking head, the marking head 
comprising galvohead means for moving the laser 
beam delivered thereto through a desired output 
pattern, control means (C1 ) for controlling the laser 
20 generator and control means (C2) for controlling 
the galvohead means, characterised in that the 
marking head (14) is carried on the end effector 
(22) on the forward end (21 b) of a robotic forearm 

(21) , control means (C3) being provided for moving 
25 the forearm (21) and for moving the end effector 

(22) relative to the forearm, and in that the laser 
generator (12) is connected to the aft end (21a) of 
the robotic forearm (21 ). 

5. A machine according to Claim 4 wherein the 
30 laser generator (12) is mounted on the forearm 

(21). 

6. A machine according to one of Claims 4 and 
5 wherein the laser generator is operative to pro- 
duce a laser beam (23)directed rearwardly parallel 

35 to a longitudinal axis of the forearm (21), means 
(24a, 24b) being provided to reverse the beam into 
thelorearm (21) from the aft end (21a) towards the 
forward end (21 b ) along said axis. 

40 
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